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Abstract—The likelihood of fish encountering an MHK device, and 

therefore the risk posed to fish, depends largely on the natural 

distribution of fish at tidal energy development sites.  In temperate 

locations, such as the Bay of Fundy, seasonal changes in the 

environment and fish assemblage may alter the likelihood of fish 

encounters with MHK devices.  We examined two one-month 

hydroacoustic datasets collected in winter 2015 and summer 2016 

by an upward-facing echosounder deployed at the Fundy Ocean 

Research Center for Energy test site in the Minas Passage.   Fish 

density was higher and less variable in winter than in summer, 

likely due to the presence of migratory vs. overwintering fish.  The 

vertical distribution of fish varied with sample period, diel stage, 

and tidal stage.  The proportion of fish at MHK device depth was 

greater, but more variable, in summer than in winter.  Encounter 

probability, or potential for spatial overlap of fish with an MHK 

device, was < 0.002 for winter and summer vertical distributions.  

More information on the distribution of fish (horizontal and 

vertical), species present, fish sensory and locomotory abilities, 

and nearfield behaviours in response to MHK devices is needed to 

improve our understanding of likely device effects on fish.   
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Fundy, FORCE  

I. INTRODUCTION 

The effects of marine hydrokinetic (MHK) devices on fish 

are generally unknown, but of high concern to industry, 

regulators, the scientific community, fishers and other 

stakeholders.  To address this knowledge gap, the Fundy Ocean 

Research Center for Energy (FORCE) developed a series of 

marine sensor platforms to monitor physical and biological 

characteristics of the test site, where multiple MHK 

technologies will be deployed in coming years.   

The FORCE test site is in the Minas Passage of the Bay of 

Fundy, where tidal range reaches 13 m and current speeds can 

exceed 5 m·s-1 [1].  The fish assemblage of this region changes 

seasonally [2]. Differences in fish assemblage and species 

behaviour with temperature means the risk MHK devices pose 

to fish will also vary seasonally.  Depth preferences and vertical 

migration patterns vary with species and life stage of fish, so 

the likelihood of physical overlap with a fixed-depth MHK 

device will change with the fish assemblage.  Additionally, 

temperature-related changes in physiology and behaviour alter 

the likelihood of fish interacting with an MHK device.   For 

example, striped bass were recently found to be present in the 

passage near year-round, but with reduced diel vertical 

migration during periods of very low temperatures [3].   

The goal of this project was to compare the pre-device 

density and vertical distribution of fish at the FORCE site in 

winter 2015 and summer 2016 and consider the implications for 

the likelihood of fish interactions with a Cape Sharp Tidal 

MHK device (OpenHydro).  This device spans 0-20 m above 

the sea floor and was installed in November 2016. We analysed 

hydroacoustic data collected at the FORCE site in winter and 

summer months to examine natural differences in (1) overall 

fish density, (2) fish vertical distribution, and (3) the proportion 

of fish at device depth, with respect to tide, diel stage, and time 

of year.  This information was used to calculate the likelihood 

of spatial overlap of fish with an MHK device, a basic 

probability of encounter model. 

II. METHODS 

A. Data Collection 

Hydroacoustic data were collected with an upward-facing 

ASL Environmental Sciences Acoustic Zooplankton and Fish 

Profiler (AZFP), mounted approximately 1.5 m above the sea 

floor on the FAST-1 bottom platform (Fig. 1).   

 

 
Fig. 1 FAST-1 sensor platform developed by FORCE and deployed at the 

FORCE test site.  White arrow indicates location of AZFP transducer.   
Photo credit: Tyler Boucher. 

 

The AZFP utilized a 125 kHz, 8° (half-power beam angle) 

circular transducer, which operated at a 300 μs pulse duration 

and ping rate of 1 Hz.  Current speed and water temperature 

were recorded for 10 minutes every half hour by a Nortek 
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Signature 500 Acoustic Doppler Current Profiler (ADCP), also 

mounted on the platform.  The platform was deployed at the 

FORCE test site for approximately one-month intervals.  The 

first deployment spanned 8 December 2015 to 5 January 2016 

(the “winter” dataset) and the second deployment was from 17 

June to 13 July 2016 (the “summer” dataset).   

The platform was deployed at the south-western corner of the 

FORCE test area in winter, and in summer, at a site nearer to 

the Cape Sharp Tidal MHK device location (site D, Fig. 2).  

Both sites are on a volcanic plateau formation that extends into 

Minas Passage, the 5.5-km-wide connection between Minas 

Basin and Minas Channel.  The sites were approximately 1 km 

apart and experienced similar environmental conditions, 

including current velocity (mid-water-column current speed 

exceeding 4 m∙s-1 at peak flood tide and 3 m∙s-1 at peak ebb tide) 

and depth range (spring tide depths of 33 to 45 m at the winter 

site, 30 to 43 m at the summer site).  Temperatures ranged from 

5.4°C to 8.4°C during the winter deployment, and from 9.9°C 

to 13.6°C during the summer deployment. 
 

 
B. Data Processing 

Hydroacoustic data were processed in Echoview® software 

(8.0, Myriax, Hobart, Australia).  Steps included applying 

calibration constants, setting a -60 dB target strength threshold 

to remove most non-fish targets and fish under a few cm in 

length [5-11], excluding data that has acoustic interference 

from the ADCP, and removing acoustic signal from the 

acoustic nearfield and from entrained air (Fig. 3).   

Calibration of the echosounder was carried out by the 

manufacturer prior to the December 2015 deployment.  A 

second calibration conducted in January 2017 revealed the 

echosounder had drifted by several dB over that time.  The 

majority of this drift appears to have occurred after the June 

2016 deployment: examination of surface backscatter from the 

December 2015 and June 2016 deployments showed a drop of 

approximately 2 dB from December to June, which was within 

the error range of the manufacturer’s calibration.  The 

December and June datasets are therefore comparable using the 

factory calibration settings, but this difference should be kept 

in mind when interpreting results.  

A layer of entrained air was almost always present near the 

surface, and at peak flows, turbulence frequently drew air to 

depths near the seafloor.  Entrained air is a common issue at 

tidal energy sites [12-14].  Because air is a strong acoustic target, 

any fish that may have been within the entrained air layer were 

not detectable.  Entrained air was removed from the data with a 

series of steps in Echoview® that used a modified bottom-

detection algorithm to isolate the air layer (Fig. 3a), then 

expanded its boundaries slightly to remove any fringe signal 

that was not encompassed by the line (Fig. 3b).   

Due to the high prevalence of entrained air at 0-10 m depth, 

the subsequent analyses were limited to depths greater than 10 

m.  Additionally, any pings in which entrained air surpassed 10 

m depth were entirely excluded from the dataset (Fig. 3c).  This 

resulted in more pings lost during periods of high flow (i.e., 

mid-tide; Fig. 4a), particularly during the flood tide, which was 

more turbulent.  However, excluding entire pings improved 

comparability of values obtained from throughout the water 

column.  

Fig. 2 Study site with deployment locations.  Lower panel shows site 

bathymetry and proposed MHK device sites (A-D) at the FORCE test site.  

Location of the FAST-1 platform in winter 2015 indicated by , summer by 
.  Upper panel maps made in QGIS with data obtained from GeoGratis 

Canada and bathymetry data from [4].  Lower panel map produced by 

Seaforth Geosurveys, Inc.  

Fig. 3  Example of volume backscatter (SV) data collected from  

4:43 to 4:57 UTC on 9 December 2015.  (a) Raw data, showing entrained air 
and lines in data processing. (b) Processed data, with entrained air removed.  

(c) Processed data with pings removed where depth of entrained air  

surpassed 10 m.  Height is measured from the sea floor. 
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C. Data Analysis 

Analysis was divided into three parts: (1) analysis of fish 

backscatter from the whole water column (Fig. 4b),  

(2) inspection of the vertical distribution of backscatter (Fig. 

4c), and (3) comparison of backscatter from the depths spanned 

by the proposed MHK device to that from the water column 

(Fig. 4d).  

Hydroacoustic data were first split into segments according 

to tidal (ebb or flood) and diel (day or night) stages.  Slack tides 

were defined as periods when mid-water-column current speed 

was less than 1 m∙s-1.  The rise and fall in current speed was 

slightly asymmetrical (Fig. 4a).  Low slack tide averaged 70 

min (9.4 min standard deviation) in length while high slack tide 

averaged 44 min (7.1 min standard deviation).  Slack tides were 

then omitted from analyses in order to focus on ebb and flood 

tides, when an MHK turbine would be rotating (depending on 

cut-in speed) and thus a potentially greater risk to fish.  Periods 

of dusk and dawn were then defined as the hours centred at 

sunrise and sunset, and were also excluded in order to avoid 

likely periods of vertical fish migration that could confound 

analysis of vertical distribution.  The remaining data segments 

were classified by tidal stage and diel stage, and were treated as 

separate samples.  Any of these samples missing more than half 

of their data points due to entrained air were omitted from 

analyses. 

Further analysis required partitioning the water column in 

three different ways (Fig. 4). The water column used in 

analyses was limited to the portion between the acoustic 

nearfield (3.2 m height above the sea floor) and the 10-m depth 

line (Fig. 4b).  Assessing the vertical distribution of backscatter 

required splitting this analysis region into 1-m-deep layers 

measured upward from the face of the transducer (Fig. 4c).  To 

compare MHK device depth to the rest of the water column, the 

analysis region was split at proposed device height (20 m above 

the seafloor; Fig. 4d).  From here onward, “water column” 

refers to the portion of the true water column which we were 

able to analyse. 

The acoustic metrics exported from these portions of the 

water column for each time segment were mean volume 

backscatter and the area backscattering coefficient.  Volume 

backscatter, SV, is the amount of acoustic energy scattered by a 

unit volume of water and is a rough proxy for fish density [15, 

16].  SV is expressed logarithmically in units of decibels (dB re 

1 m-1) or in the linear domain as sv, with units of  

m2·m-3.  Mean SV was calculated for the entire (analysed) water 

column to examine general differences in fish density with 

respect to tidal stage, diel stage, and sampling period.  The area 

backscattering coefficient, sa, is sv integrated over a given layer 

of the water column (units of m2·m-2), and so is also a proxy of 

fish density.  sa was used to calculate the proportion of acoustic 

backscatter contributed by each 1-m layer of water and from the 

depths spanned by the proposed MHK device. 

Statistical analyses were carried out in R (3.3.1, R Core Team, 

Vienna, Austria).  Differences in water column SV and the 

proportion of backscatter from the MHK device depths related 

to tidal stage (ebb or flood), diel stage (day or night), and 

sampling period (winter or summer) were examined using 

analysis of variance (ANOVA) tests with a significance level 

of 0.05.  Comparisons between factor groups found to have 

significant effects were carried out with Tukey-type multiple 

comparisons.  Nonparametric versions of these tests 

(permutation ANOVA, nonparametric Tukey-type 

comparisons) were used for water column SV data, which did 

not meet the assumptions of normality.  The linear form of SV 

(𝑠𝑣 = 10𝑆𝑉 10⁄ ) was used in significance testing and to calculate 

summary statistics. 

The probability that fish might encounter an MHK device 

was estimated as the probability of spatial overlap with the 

device under three fish distribution scenarios: (1) uniform 

vertical distribution; (2) winter vertical distribution; and (3) 

summer vertical distribution. For this exploratory exercise, fish 

horizontal distribution (across the breadth of the passage) was 

assumed uniform, and the proportion of backscatter at turbine 

depth was assumed equivalent to the proportion of fish at that 

depth range (i.e., acoustic properties were assumed the same for 

all fish).  Under scenario 1, the probability of encounter was 

simply the cross-sectional area of the turbine divided by that of 

Fig. 4  Data from one ebb tide from 3:56 to 8:23 UTC on 9 December  

2015.  (a) Current speed from 16-17 m above the sea floor.  (b-d) The three 
water column partitions used in analysis: (b) entire water column, defined as 

the acoustic nearfield to the 10-m depth line; (c) 1-m layers for vertical 

distribution analysis; (d) layer that encompasses depths spanned by the 
MHK device installed in 2016.  Height is measured upward from the sea 

floor.  Vertical black lines are pings omitted due to entrained air (Fig. 3c).  
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